We show that the structural change of the economy from agriculture to industry was a major determinant of the observed shift in intergenerational coresidence. We build a two-sector overlapping generation model of the structural change out of agriculture, in which the coresidence choice is endogenous. We calibrate the model on US data and simulate it. The model can match well the decline in US intergenerational coresidence between 1870 and 1940.
Introduction
In this paper, we provide a macroeconomic model in which the structural change out of agriculture determines a shift from intergenerational coresidence to the nuclear family, and we quantify the importance of this mechanism by means of numerical simulations for the United States between the 19th and 20th century.
The family structure in the United States has changed significantly since the nineteenth century. One of the major changes has been the shift from intergenerational coresidence to independent living arrangements for the elderly: according to data, the percentage of elderly persons residing with their adult children plummeted from almost 68% in 1850, to almost 17% in 1990 (see Figure 1 ).
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Figure 1 also shows that a companion fact to the change in intergenerational coresidence was the structural change out of agriculture. If we compare the intergenerational coresidence rate with the employment rate in agriculture between 1850 and 2010, we observe that the two time series show similar behaviour, suggesting the existence of a link between the two phenomena. In Section 2, we delve more deeply into this empirical evidence, and show that there actually exists a robust correlation between employment in agriculture and intergenerational coresidence. To rationalise the evidence, we propose a formal model based on technical change and the relative income of the different generations. Higher technical change in the industrial sector with respect to the agricultural sector causes a progressive reallocation of labour from agriculture to industry and affects the relative income of the different generations. This in turn changes the bargaining power of the different generations, and therefore the incentive to coreside.
More specifically, we build a two-sector overlapping generation model with agriculture and industryà la Hansen and Prescott (2002) . We assume that the old own all the land, and receive a rent from it, while the young provide the labour force. The young can work in both the agricultural and percentage of persons aged more than 65 living with at least one child aged more than 18. Source: our elaboration on Ruggles et al. (2015) . Married couples are counted as single observations. Persons living in group quarters such as rooming houses and military barracks are excluded from the sample. Employment rate in agriculture: percentage of individuals employed in agriculture over the total labour force. Source: our elaboration on Ruggles et al. (2015) . We use the reconstructed IPUMS data on occupation available as the variable IND1950. For both series, census data in 1890 are missing. Alaska, District of Columbia and Hawaii are excluded from the sample.
the industrial sector, their choice being driven by a no-arbitrage condition on wages in the two sectors. As productivity in the industrial sector relative to productivity in the agricultural sector takes off, employment shifts from agriculture to industry. The functional distribution of income changes: the wage earned by the young increases, while the rent earned by the old decreases. We assume collective bargaining among family members in case of coresidence, as in Pensieroso and Sommacal (2014) . Accordingly, coresidence is deeply influenced by the relative income of the young with respect to the old, which coincides here with the functional distribution of income. In particular, coresidence decreases when the relative income of the young increases. Therefore, the industrial take off implies a lower coresidence rate. We calibrate the model on US data and run different simulations to quantify the relevance of the proposed mechanism. Overall, our model can reproduce the qualitative behaviour of the intergenerational coresidence rate for the whole period. Furthermore, the model matches the decline in intergenerational coresidence between 1870 and 1940 remarkably well from a quantitative point of view.
This article is linked to two strands of the literature, the literature on the structural change out of agriculture and that on intergenerational coresidence.
The structural change out of agriculture, whose explanation is still debated, is a defining feature of the industrial revolution. Its role in determining economic development is hardly controversial, as witnessed by a long standing literature in economic development.
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For what concerns the decline in intergenerational coresidence, different theories have been advanced in the literature to explain it. A group of authors maintain that the introduction of Social Security is the engine behind the observed shift in the coresidence pattern. 4 According to this perspective, also known as the "affluence hypothesis", intergenerational coresidence was imposed on its elderly members by the lack of alternatives. Others take the opposite view, also known as the "economic development hypothesis", and attribute the shift to the increased income of the young. Gollin et al. (2002) , Harris and Todaro (1970) , Hansen and Prescott (2002) , Harris and Todaro (1970) , Kuznets (1966) , Lewis (1954) , Nurkse (1953) , Rostow (1960) . 4 See for instance Costa (1997) , McGarry and Schoeni (2000) , among others. 5 Aquilino (1990) , Pensieroso and Sommacal (2014) , Ruggles (2007) , Ward et al. (1992) , Whittington and Peters (1996) , to mention but a few. Bethencourt and Rios-Rull (2009) provide a theory compatible with both the affluence and the economic development hypotheses. Dealing with living arrangements of elderly widows in the United States, As explained in Pensieroso and Sommacal (2014) , the two perspectives can be viewed as complementary rather than alternative, and the pre-eminence of one over the other mainly depends on the period under exam. In particular, the economic development hypothesis seems more relevant for the period before WWII, while the affluence hypothesis for the period after the 1950s. As we do not model Social Security in the United States, the economic development hypothesis looks more compelling for our analysis. Accordingly, we use the model by Pensieroso and Sommacal (2014) , who propose a general equilibrium theory of the economic development hypothesis in a secular perspective.
The rest of the paper is organised as follows. Section 2 discusses the empirical link between employment in agriculture and intergenerational coresidence. Section 3 presents the model. In Section 4 we calibrate the model on US data and simulate it. Section 5 concludes.
Empirical evidence
In this article, we maintain that the structural change out of agriculture has been a major determinant of the end of intergenerational coresidence. The data presented in Figure 1 are suggestive and go in this direction. In this section we delve deeper into this empirical correlation.
We build intergenerational coresidence rates and employment rates in agriculture for each State of the United States between 1850 and 2010 (excluding Alaska, Hawaii and Washington DC).
6 So we have a panel with 48 observations for 16 decades (census data for 1890 are missing). Table 1 shows results from our regression analysis. In column (1) we regress the intergenerational coresidence rate on the employment rate in agriculture. It turns out that the correlation is positive and significant at the 1% level. An increase in the employment rate in agriculture by 1 percentage point increases the intergenerational coresidence rate by almost 0.6 percentage points. In column (2), we control for state-fixed effects. The coefficient on the employment rate in agriculture is still positive and significant at the 1%. Moreover, its quantitative importance increases: once time-invariant differences across States are taken into account, an increase in the employment rate in agriculture by 1 percentage point increases the intergenerational coresidence rate by 0.7 percentage points. they show that when income is the driving factor, 2/3 of the shift is due to increased income of the young, 1/3 to increased income of the elderly, typically in the form of social security.
6 For definitions and computation methods see the caption of Although we are mostly interested in correlations here, the panel dimension of our data allows us to go one step further towards investigating a causal link. One caveat in interpreting the above correlations in terms of causality is that there might be a reverse-causality problem: intergenerational coresidence might have determined the employment rate in agriculture and not the other way round. The idea is that it is more likely that the young was working on the family estate (land), in case of intergenerational coresidence.
To deal with this problem, we instrument the employment rate in agriculture on its one-period lagged value, and run an IV regression. The exclusion restriction is that the lagged employment rate in agriculture has no direct effect on the current coresidence rate other than the effect it holds on the current employment rate in agriculture. Results from the first stage of the IV regression are shown in Table 2 and suggest that the lagged employment rate in agriculture is a good instrument. Results for the second stage of the IV regression are shown in Table 1 , column (3). The coefficient on the employment rate in agriculture is still positive and significant at the 1% level. Quantitatively, an increase in the employment rate in agriculture by 1 percentage point increases the intergenerational coresidence rate by 0.76 percentage points.
This evidence suggests that the employment rate in agriculture might have affected the intergenerational coresidence rate. In the rest of this article, we provide a theoretical mechanism that rationalises this evidence, and quantify its the relevance via numerical simulations.
The model

Production
There are two sectors in the economy, agriculture (a) and industry (i), producing a final good Y with two different processes. The production function in the agricultural sector is
where L stands for land and H a,t for the hours worked in sector a, in period t.
We assume that land is in fixed supply. The variable A a,t denotes total factor productivity (TFP) in agriculture, while β ∈ (0, 1) denotes the labour-share in agriculture. The production function in the industrial sector is
where A i,t denotes TFP in industry. The aggregate production function for this economy is
The final good Y t is the numeraire. The production functions (1) and (2) are such that if the ratio A a,t /A i,t is big enough, only the agricultural sector is operative. If instead the ratio A a,t /A i,t is arbitrarily low, then both sectors will be operative. This asymmetry between the two sectors is explained by the fact that land is in fixed supply, implying that the marginal productivity of labour in agriculture goes to infinity when employment in the agricultural sector tends to zero.
Calling w a,t the wage in agriculture, w i,t the wage in industry and R t the rent from land, profit maximizations in the two sectors implies
If both sectors are operative, labour mobility across sector ensures that w a,t = w i,t = w t . If only the agriculture sector is operative, then the wage paid in the economy is w t = w a,t . Without loss of generality, we shall assume L = 1.
Households
The economy is populated by two overlapping generations of individuals living for two periods, the young, (y), and the old, (o). The size of each generation is N, and it is constant over time.
In the first period, the agent is young and supplies inelastically one unit of labour. He can work in both sectors.
7 He inherits the land from the old at the end of the period. In the second period, the agent is old and does not work. He earns the return on land and leaves the land to the young as bequest. 8 7 This implies H a,t + H i,t = 1. 8 In our model there is no market for land. Given that the price of agricultural land has been decreasing over the past two centuries in the United States (see Hansen and Prescott (2002) ), results would qualitatively be the same, if we included a market for land. In fact, under the assumption that the old are the owner of land, the additional income on top of rents that the old would derive from selling land would be decreasing over time.
In each period, the young and the old can either live apart or coreside. 9 We assume that the utility function of an agent of type j = y, o is:
where c j t and x j t stands for consumption and housing services, respectively. We assume that housing services are a private good, if agents live alone, and a pure public good, if they live together. The price of x is denoted by p.
10 The variable κ j measures the taste for living together (for instance, the taste for privacy). The parameter δ is a dummy variable. It takes the values δ = 0, if agent j lives alone, and δ = 1 if the agents coreside.
If the young and the old live apart, they maximizeÛ(c 
From the solution to this maximization problem we get the indirect utility functionsV j t . If the young and the old live together, they will bargain over the distribution of the resources within the family. We model such bargaining using a collective model (Chiappori (1988 (Chiappori ( , 1992a ). Hence, the household maximizes the sum of the utility functions of the young and the old, weighted by their respective bargaining power:
whereŨ(c j t , x t ) ≡ U(c j t , x t ; 1). From the solution to the maximization problems we get the indirect utility functionsṼ j (θ t , κ j ). In this model, coresidence can only occur when there exists at least one value of θ t such that coresidence is Pareto improving, with respect to the outside option 'non coresidence'. We define θ min,t as the value of the bargaining power of the young such that they are indifferent between living alone or with the old. By the same token, we define θ max,t as the value of the bargaining power of the young such that the old are indifferent between living alone or with the young. ImposingV j t =Ṽ j (θ t , κ j ) forj = (y, o), the formulas for θ min,t and θ max,t read:
It is possible to show that if θ min,t < θ max,t , coresidence is always Pareto improving.
12 However, the model is silent about the ultimate determinants of the actual bargaining power θ, which accordingly might also fall outside the interval [θ min,t , θ max,t ]. In the following, we assume that whenever θ min,t < θ max,t , coresidence is the chosen living arrangement with a positive probability π t = π(θ max,t − θ min,t ), decreasing in the difference (θ max,t − θ min,t ). The idea is that the actual bargaining power θ is less likely to fall within the interval [θ min,t , θ max,t ], the smaller the interval is. When instead θ min,t ≥ θ max,t , coresidence is never Pareto improving. In this case, we set the probability of coresiding, π t , to zero.
We assume that the size of each generation is large enough to ensure that the law of large numbers holds. Accordingly, we can interpret π t as a coresidence rate.
Computing the difference ∆ θ ≡ (θ max,t − θ min,t ) we find:
As a consequence, living arrangements will in general depend on the taste for coresidence κ j , on the weight of the public good in the utility function (1 − α), and on the functional income distribution d t . In particular, it is possible to show that ∆ θ is decreasing in d t if
We assume that this condition always hold. Using Equations (4) and (5), the functional income distribution d t can be written as
When only the agricultural sector is operative, H a,t = 1 and d t is a constant. When instead both sectors are operative, wage equality across sectors ensures that
Therefore, d t is a decreasing function of A a,t /A i,t .
The industrial revolution
We assume that the TFP in the two sectors evolves according to the following law of motions:
where γ a < γ i are the constant growth rate of TFP in agriculture and industry, respectively. Following Hansen and Prescott (2002) , we assume that at time t = 0 both technologies are available, but the productivity ratio A a,0 /A i,0 is such that wages in the agricultural sector are strictly higher than wages in the industrial sector, and therefore only the agricultural sector is operative. For this condition to hold, it must be that
The economy is then along a balanced growth path with a growth rate given by γ a . As γ a < γ i , the ratio A a,t /A i,t decreases over time and eventually passes the threshold level 1/β. From then onwards, the industrial sector becomes profitable and therefore operative. The growth rate is equal to
Asymptotically, the weight of the agricultural sector goes to zero and the economy is along a balanced growth path where the growth rate tends to γ i .
The end of intergenerational coresidence
We assume that at time 0, A a,0 /A i,0 is such that ∆ θ > 1, implying that the coresidence rate π is positive. The idea is that in such a scenario, the functional distribution of income favours the old: rents are high because the marginal productivity of land is relatively high. As time goes by, the ratio A a,t /A i,t decreases, which implies that the functional distribution of income d t increases (see Equation (16)). Given that the difference ∆ θ is a decreasing function of d t , the assumed patterns for sectoral TFP implies that the difference ∆ θ decreases as the economy undergo a structural transformation from agriculture to industry. Consequently, the coresidence rate π t shrinks, and eventually becomes zero: coresidence fades away as the industrial revolution kicks in.
The quantitative exercise
In this section, we run a quantitative exercise to verify if the model outlined above is able to match the observed shift in the US coresidence patterns documented in Figure 1 . The objective is to quantify the strength of the mechanism outlined in the previous section. We shall limit to the period between 1870, so as to exclude the American civil war (1861-1865).
Calibration
In order to simulate the model, we need to specify the functional form of the probability to coreside π, and to calibrate the structural parameters.
Concerning the probability to coreside, we shall assume:
where φ > 0. This simple parametric formulation ensures that π is between 0 and 1 and it is increasing in ∆ θ ≡ θ max − θ min . Table 3 illustrates the chosen values for the structural parameters of the model. The 'Target' column reports the reference variable used for the calibration of each parameter. We interpret one model period to be 20 years.
The preference for private consumption, α, is calibrated so that the ratio between public goods and private goods in personal consumption expenditure in 1929 (the first year for which we have data) is 1.8, as reported by Salcedo et al. (2012) . Because of our assumptions on preferences, this Table 3 : Calibration of the parameters translate in the condition (1 − α)/α = 1.8, which gives a calibrated value of 0.37 for α.
The value of the labor share in the agricultural sector, β, is in accordance with the typical share-cropping contract, which, according to Doepke (2004) , allocates 50 percent of output to the land owner.
We set the initial conditions for the TFPs in the two sectors so that A i is 1, and the ratio A a /A i is such that the model matches the data about the share of employment in agriculture in 1870.
The growth rate of TFP in the industrial sector, γ i , is computed as the 20-years equivalent to an annual growth rate of 2%. This is the value of the growth of US GDP in the XX century, according to Kehoe and Prescott (2002) .
The growth rate of TFP in the agricultural sector, γ a , is computed as the 20-years average growth rate of GDP per capita of a bundle of Western European countries between 1700 and 1820.
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The parameter φ in Equation (21) is calibrated to match the US coresidence rate in 1870, which was equal to 62.45%.
We leave aside the role of cultural factors in the determination of the coresidence rate, by assigning to κ y and κ o a value of 1.
Simulations
The unit period is 20 years. By construction, the model matches the coresidence and the employment rate in agriculture in 1870. Starting from 1870, we plug the values of γ i and γ a and run a numerical simulation. The objective is to study the evolution of the coresidence rate as the model economy witnesses a take-off from agriculture to industry. Given that our model provides a joint explanation of the shift from agriculture to industry and the change in the coresidence rate, the specific way in which we have modelled the structural change out of agriculture (i.e.à la Hansen and Prescott (2002) ) turns out to affect our results on coresidence. If we relax this or that aspect of the Hansen and Prescott structure, our model of the coresidence choice gets significantly nearer to the data.
We start by relaxing the assumption of a constant growth rate of TFP in both sectors, and uses TFP data from Alvarez-Cuadrado and Poschke (2011) in its stead as exogenous impulse mechanism for the model. Using these data, Alvarez-Cuadrado and Poschke (2011) argue that in the United States the structural change out of agriculture was mostly labour pulli.e. driven by productivity increases in the industrial sector -till WWI and mostly labour push -i.e. driven by productivity increases in agriculture -after WWII. In our modelà la Hansen and Prescott (2002) , on the other hand, the structural change out of agriculture is entirely labour-pull. So, by construction the model cannot reproduce the structural change after WWII, once we feed in the actual values of TFP.
14 Results from our simulations with TFP data are shown in Figure 2 (Panel II), and confirms this intuition. 15 The predicted value of the coresidence rate matches the data almost perfectly up to 1940, that is for the entire period in which, in the data as in our model, the structural change out of agriculture is labour-pull. After 1940, the relative TFP in agriculture increases, while the employment rate in agriculture still decreases in the data: the structural change becomes labour push. In this context, our model predicts a change of the functional distribution of income in favour of rents, and accordingly an increase in coresidence, which is at odds with the data.
As an additional exercise, we run a simulation in which employment in agriculture in each period is taken directly from the Census data. In this case, we are agnostic about the causes of the shift from agriculture to industry (i.e. we do not take a stance in the labour-pull/labour-push controversy), and just study its consequences in terms of income distribution and therefore intergenerational coresidence in our model. Results are shown in Figure 2 (Panel III). The model now tracks the data almost perfectly for the overall period.
These results lead to the conclusion that the core mechanism of our model going from the structural change out of agriculture to the change in coresidence holds good qualitatively and is quantitatively relevant until the 1940s.
Conclusions
In this paper, we have shown that the structural change out of agriculture during the industrial revolution was a major determinant of the observed change in the family structure in the United States since the end of the 19th century.
We have built a two-sector model of the structural change from agriculture to industryà la Hansen and Prescott (2002) with endogenous intergenerational coresidence.
We have calibrated the model on US data. Results from the simulations show that first, the model has the right qualitative behaviour and, second, quantitatively the structural change out of agriculture can account for most of the observed change in the coresidence pattern until WWII.
This paper is the first to explore the secular change in intergenerational coresidence from a quantitative macroeconomic perspective. It focuses on a particular mechanism, the change in the relative income of the young induced by the shift away from agriculture to industry. Other explanations are possible, including the introduction of Social Security, or the demographic transition. We leave the quantitative macroeconomic analysis of those hypotheses to future research.
